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DESCRIPTION 

PRINTING 

The invention relates to a method of printing a patterned layer onto a 
substrate, to a printing machine bed, and to a printing machine. 

TFTs are widely used in liquid crystal and other flat panel displays, 
including active matrix LCDs (AMLCDs), to control or sense the state of each 

pixel in the display. 

A TFT structure is formed by successively providing layers of different 
materials. The layers may be patterned using photolithography. Alternatively, 
the layers may be patterned using a printed photoresist layer or the patterned 
layers themselves (or precursor materials thereof) may be directly printed onto 
the substrate. One suitable printing technique is now described with reference 

to Figures 1 and 2. 

Referring to Figure 1 , apparatus 1 for fabricating a device, such as a 
thin-film transistor, includes printing means 2, for example a gravure offset 
printer, means 3 for supporting a layer structure 4, in this example a rigid 
stage, means 5 for moving the printing means 1 relative to the layer structure 
4, in this example electrical motors, means 6 for detecting position of the 
printing means 1 relative to the layer structure 4, in this example an optical 
microscope and digital camera, and means 7 for controlling the printing means 
2 and moving means 5, in this example a programmed general-purpose 
computer. Etching is carried out downstream. 

The printing means 2 is arranged to print a number of patterned layers 
in succession. An offset printing process is used, and printing of each layer 
generally comprises three steps, as follows. 

Referring to Figure 2(a), a first step comprises inking. A pattern 
carrying means 9, in this example a cliche in the form of a glass plate, includes 
a plurality of grooves 10 which are arranged to define a pattern 11. Ink 12 is 
applied to the surface 1 3 of the image carrying means 9 and a filling means 
14, which is often referred to as a doctor blade and which in this example is a 
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metal blade, is passed over the surface 13 of the pattern carrying means 9 so 
as to fill the grooves 10 with ink 12, and to clear ink 12 from regions 15 
between the grooves 10. 

Referring to Figure 2(b), a second step comprises transferring the 
pattern 11 from the pattern carrying means 9. Pattern transferring means 16, 
for example in the form of a large diameter cylindrical blanket comprising a 
polymer fixed around a metal roller, is applied to the surface 13 of the pattern 
carrying means 9 by rolling, so as to pick up some of the ink 12 in each groove 
10. Typically, about half the ink is picked up. The pattern 11 is preserved on 
the pattern transferring means 15. 

Referring to Figure 2(c), a third step comprises printing the pattern 1 1 . 
The pattern transferring means 16 carrying ink 12 is applied, for example by 
rolling, to a surface 17 of the layer structure 4. Thus, ink 12 is transferred from 
the pattern transferring means 16 onto the surface 17 of the layer structure 4. 

US-A-5, 352,634 describes the printing of active matrix arrays. 

US-A-6,576,378 describes the use of alignment marks in the 
manufacture of a large scale LCD device. US-A-5,407,763 discloses the use 
of shaped marks to allow alignment to be detected. 

US-A-6,583,854 and US-A-6, 146,796 disclose techniques for interfitting 
mask patterns on larger display devices. 

The layer structure 4 used when manufacturing active matrix LCD 
screens for television sets or computing device displays, for example, is known 
as mother glass. It is usual for plural discrete arrays to be included on a single 
mother glass 4. In the field of AM LCD displays, the discrete arrays when 
finished can be termed 'displays*, since each relates to one display. 
Conventionally a cliche used in printing on a mother glass is at least as large 
as the mother glass, and has the same number of arrays formed on it. For 
example, a cliche (and a mother glass) can be formed with sixteen arrays 
thereon. The cliches could be produced using a large sheet of glass. 

There is a trend for mother glass size to increase. Mother glass of more 
than one metre square is known, which can be populated with tens of discrete 
arrays. However, as mother glass size increases, the extent of glass distortion 
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increases, which has a negative effect on the design process. In particular, 
misalignment of layers in an AMLCD can degrade performance and optical 
aperture, and this becomes more difficult to avoid as mother glass size 
increases. The effects are worse with printing of layers than they are with 
some other layer patterning techniques, although printing has significant cost 
advantages associated with it. To aid alignment of the layers deposited onto a 
mother glass, a number of alignment marks tend to be provided both on the 
mother glass 4 and on the cliche 9. A typical arrangement is illustrated in 
Figure 3. Here a mother glass or cliche 20 (they both have the same general 
layout) is shown with first to fourth alignment marks 21 to 24 and sixteen 
arrays 26, arranged four deep by four wide. 

The position of alignment marks on the cliche 9 and on the mother glass 
4 are detected, and the position of the cliche and mother glass relative to each 
other is adjusted as necessary electronically for the best match before printing 
and then the pattern is transferred using the blanket 16. This helps to ensure 
that the arrays 26 are printed at the correct positions. 

According to a first aspect of the invention, there is provided a method 
of printing a patterned layer onto a substrate, the method comprising: 
detecting the alignment of each of plural areas on the substrate; individually 
positioning subbeds of a printing machine in accordance with the detected 
alignment; transferring material from cliches supported on the subbeds onto a 
common carrier; and transferring the material from the common earner onto 
the substrate. 

According to a second aspect of the invention, there is provided a 
method of printing a patterned layer onto a first substrate, the method 
comprising: detecting the alignment of each of plural areas on a second 
substrate; individually positioning subbeds of a printing machine in accordance 
with the detected alignment; transferring material from cliches supported on 
the subbeds onto a common carrier; and transferring the material from the 
common carrier onto the first substrate. 

These methods can additionally comprise detecting the alignment of the 
cliches supported on the subbeds, and positioning the subbeds also in 
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accordance with the detected alignment of the cliches. This can allow for the 
position of the cliches on the subbeds to be compensated for. 

In an embodiment, a method is used to print a layer of ink onto a mother 
glass substrate, although the invention has broader application than this. 

The positioning step can comprise adjusting the position and/or 
orientation of the subbeds. 

The invention also provides a substrate provided with a printed 
patterned layer through the above method, and also a device including a part 
of such a substrate. 

A third aspect of the invention provides a printing machine bed 
comprising an array of subbeds individually alignable in a common plane. 

The printing machine bed can for example comprise an array of four or 
more individually alignable subbeds. However, the printing machine bed may 
comprise two or three subbeds, or any other number, instead. 

The printing machine bed preferably is usable in the printing of the 
components for liquid crystal displays, for example, active matrices . 

The aligning of the subbeds can comprise adjusting the position and/or 
orientation of the subbeds. 

A fourth aspect of the invention provides a printing machine including a 
bed as described above and a controller operable to control alignment of the 
subbeds. 

Embodiments of the present invention will now be described, by way of 
example only, with reference to the accompanying drawings in which: 

Figure 1 is a schematic diagram of apparatus for fabricating a device 
using gravure offset printing; 

Figures 2(a), 2(b) and 2(c) illustrate steps in a process implemented by 
the Figure 1 printing apparatus; 

Figure 3 illustrates a typical cliche or mother glass layout; 
Figure 4 is a flow diagram showing a method of forming a patterned 
layer according to one aspect of the invention; 
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Figure 5 schematically illustrates a printer used in the Figure 4 method 
and according to another aspect of the invention; and 

Figure 6 is a flow diagram showing a method of forming a patterned 
layer according to an aspect of the invention. 

5 

A method of printing a patterned layer according to one aspect of the 
invention and utilising a printer bed according to another aspect will now be 
described with reference to Figure 4. Here the method begins at step 30 by 
detecting the position and alignment of arrays on a mother glass. By way of 
10 example, a mother glass 4 (see Figure 2(c)) is notionally divided into four 
areas, each area containing four arrays. Each of the four areas has alignment 
marks associated with it, so that the positions and alignment of each area, and 
thus the arrays within it, can be detected automatically. However, the mother 
glass 4 is retained as a single piece. The position and alignment detection can 

15 occur in any suitable manner. 

At step 31 , the position and alignment of cliches supported on subbeds 
on the bed of a printing machine (described below with reference to Figure 5) 
are detected electronically using alignment marks thereon. At step 32, the 
positions of the subbeds are adjusted according to the detected alignment and 
20 position of the areas on the mother glass and the positions and alignment of 
the cliches. The cliches are then inked at step 33. Alternatively, steps 32 and 
33 could be reversed, i.e. the cliches could be inked before the subbed 
positions are adjusted. At step 34 ink is transferred from the cliches, 
supported on the printer subbeds, onto a blanket 16 (as in Figure 2(b)). 
25 Finally, at step 35, the material on the blanket 16 is transferred onto the 
mother glass (as in Figure 2(c)). 

A printing machine 40 including a printing bed 41 according to one 
aspect of the invention is shown in Figure 5. The machine 40 is illustrated 
schematically, and it will be appreciated that it includes numerous unshown 
30 components. On the printing bed 41 are arranged first to fourth subbeds 42 to 
45. Each subbed 42 to 45 is associated with a respective mechanical 
alignment mechanism shown at 46 to 49. Four cliches 50 to 53 are supported 
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on the printing bed 41 , one cliche on each subbed 42-45. Each cliche 50 to 53 
has its operative face uppermost. The cliches 50 to 53 are illustrated in plan 
view. The uppermost surfaces of the cliches 50 to 53 are formed in the same 
plane, allowing the blanket 16 (shown in Figure 2) to collect ink 12 (or other 
material) from all the cliches as it is passed over the uppermost surface, for 
subsequent printing onto the mother glass 4. The blanket 16 is wider than 
twice the relevant dimension of the cliches 50 to 53, assuming the cliches are 
all the same size. 

The aligners 46 to 49 are each connected to a controller 54, which in 
turn is connected to receive alignment signals at an input 55. These alignment 
signals are provided by a controller (not shown) on the basis of the positions of 
alignment marks on the mother glass 4. The alignment signals fed to the 
controller 54 via the input 55 identify the alignment required of the subbeds 42 
to 45. The controller 54 uses the alignment signals to provide suitable control 
signals to the aligners 46 to 49. The subbeds 42 to 45 are aligned by the 
aligners 46 to 49 in accordance with the required alignments. In this way, the 
cliches 50 to 53 become aligned with the arrays on the mother glass 4. This 
allows material 12 transferred from the cliches to the mother glass 4 via the 
blanket 16 to be more closely aligned with its desired alignment than is 
possible without individually alignable subbeds 42 to 45. 

The printing machine 40 accordingly is able to compensate to a degree 
for distortions in the mother glass 4. The amount of compensation achievable 
depends on the number of subbeds 42 to 45 on the printing bed 41 , which 
number determines the number of cliches 50 to 53. The printing bed 41 might 
be produced to have a number of subbeds equal to the number of arrays 26 
on the mother glass 4. 

The amount by which the subbeds 42 to 45 are required to be moved is 
dependent on the possible amount of distortion of the mother glass. With a 
mother glass of approximately one meter square and assuming that normal 
operating conditions apply, it may be that each subbed may be movable up to 
30 microns in any direction. Of course, the alignment of the subbeds typically 
will involve their translation in x and y directions and also their rotation about 
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an axis perpendicular to the plane of the uppermost surface of the cliches 50 
to 53. To allow movement to occur whilst allowing proper alignment, the 
cliches 50 to 53 are slightly smaller than the size of the corresponding area of 
the mother glass 4. The arrangement illustrated in Figure 5 is an exaggerated 
example of how the cliches 50 to 53 might appear after alignment and before 
the blanket 16 is passed over them. Alignment is carried out in respect of 
each mother glass 4, since different mother glasses are likely to distort 
differently even under the same conditions. 

This invention has utility in that some distortions in the mother glass can 
be compensated for. Also, the cliches are significantly smaller than would 
otherwise be required, so can be significantly cheaper to produce. 

Although in the above the printing process has been described in 
relation to a layer of ink, it will be appreciated that the process, and the 
apparatus, can be used in relation to any suitable material. For example, the 
process and apparatus could be used to print a layer of precursor, silver 
particles in a binder to cite a non-limiting example, or any other substance, 
composition or mixture which is required to be printed. 

Also, the invention is usable to print onto mother glass or any other 
substrate on which a printed layer is required. For example, an LCD cell 
comprises an active plate and a passive plate with a liquid crystal material 
sandwiched between them. The active plate is formed from the mother glass 
making process which is partially described above. The passive plate is 
formed with features including a colour filter and a black grid. The black grid 
blocks any unmodulated light. Passive plates are not temperature cycled as 
much as active plates, so they tend to experience less distortion. The features 
on the passive plate are positioned so that after coupling they are aligned with 
the appropriate feature on the active plate. Coupling of active and passive 
plates to make displays often takes place before the mother glass plates are 
cut into individual cells. In this case, care has to be taken that the match is 
correct for all arrays to be made from the plates. 

A method of making passive plates is now described with reference to 

Figures 2, 5 and 6. 
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In Figure 6, the process begins at step 60 by electronically detecting 
alignment of the areas (each containing one or more arrays) on a finished 
active mother glass. At step 61, the position and alignment of passive plate 
black grid cliches 50 to 53 supported on subbeds 42 to 45 on the bed 41 of the 
printing machine 40 (see Figure 5) are detected electronically using alignment 
marks thereon. At step 62, the positions of the subbeds are adjusted 
according to the detected alignment and position of the areas on the finished 
active mother glass and the positions and alignment of the cliches. The 
cliches are then inked at step 63. Alternatively, steps 62 and 63 could be 
reversed, i.e. the cliches could be inked before the subbed positions are 
adjusted. At step 64 ink is transferred from the cliches 50 to 53, supported on 
the printer subbeds 42 to 45, onto a blanket 16 (see Figure 2(b)). Finally, at 
step 65, the material on the blanket 16 is transferred onto the passive plate 
glass (as in Figure 2(c)). This provides a passive plate glass with black grid 
inking aligned with the arrays on the mother glass with which the passive plate 
is to be used. The same process can be used to apply colour filter to the 
passive plate glass. 

This process allows a passive plate to be made to match the specific 
active plate with which it is to be coupled, and to compensate for the 
distortions within that plate. 

From reading the present disclosure, other variations and modifications 
will be apparent to persons skilled in the art. Such variations and modifications 
may involve equivalent and other features which are already known in the art, 
and which may be used instead of or in addition to features already described 
herein. 

Although Claims have been formulated in this Application to particular 
combinations of features, it should be understood that the scope of the 
disclosure of the present invention also includes any novel feature or any novel 
combination of features disclosed herein either explicitly or implicitly or any 
generalisation thereof, whether or not it relates to the same invention as 
presently claimed in any Claim and whether or not it mitigates any or all of the 
same technical problems as does the present invention. 
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CLAIMS 

1 . A method of printing a patterned layer onto a substrate (4), the 
method comprising: 

5 detecting (30) the alignment of each of plural areas on the substrate; 

individually positioning (32) subbeds (42-45) of a printing machine (40) 
in accordance with the detected alignment; 

transferring (34) material from cliches supported on the subbeds onto a 

common carrier (16); and 
io transferring (35) the material from the common carrier (16) onto the 

substrate. 

» 

2. A method of printing a patterned layer onto a first substrate (4), 

the method comprising: 
15 detecting (60) the alignment of each of plural areas on a second 

substrate; 

individually positioning (61) subbeds (42-45) of a printing machine (40) 
in accordance with the detected alignment; 

transferring (62) material from cliches (50-53) supported on the subbeds 

20 onto a common carrier (16); and 

transferring (65) the material from the common carrier (16) onto the first 

substrate. 

3. A method as claimed in claim 1 or claim 2, comprising detecting 
25 (31; 61) the alignment of the cliches supported on the subbeds, and 

positioning the subbeds also in accordance with the detected alignment of the 
cliches. 

4. A substrate provided with a printed patterned layer through the 
30 method of any of claims 1 to 3. 

5. A device including a part of a substrate according to claim 4. 
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6. A printing machine bed (41) comprising an array of subbeds (42- 
45) individually alignable in a common plane. 

7. A bed as claimed in claim 6, comprising an array of four or more 
individually alignable subbeds. 

8. A printing machine (40) including a bed as claimed in claim 6 or 
claim 7 and a controller (54) operable to control alignment of the subbeds. 

9. A method of printing a patterned layer on a substrate 
substantially as described herein with reference to Figures 4 to 6 of the 
accompanying Drawings. 

10. A substrate substantially as described herein with reference to 
Figures 4 to 6 of the accompanying Drawings. 

11. A device substantially as described herein with reference to 
Figures 4 to 6 of the accompanying Drawings. 

12. A printing machine bed substantially as described herein with 
reference to Figures 4 to 6 of the accompanying Drawings. 

13. A printing machine substantially as described herein with 
reference to Figures 4 to 6 of the accompanying Drawings. 
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ABSTRACT 

PRINTING 

A method of printing a patterned layer comprises (step 31 in Figure 4) 
detecting the position and alignment of cliches supported on subbeds on the 
bed of a printing machine (see Figure 5) using alignment marks thereon. The 
positions of the subbeds are adjusted according to the detected alignment and 
position of the areas of the mother glass and the positions and alignment of 
the cliches (step 32 in Figure 4). The cliches are then inked (step 33 in Figure 
4). Alternatively, steps 32 and 33 could be reversed. Ink is transferred (step 
34 in Figure 4) from the cliches, supported on the printer subbeds, onto a 
blanket 16 (see Figure 2(b)). The material on the blanket 16 is transferred 
(step 35, Figure 4) onto the mother glass (as in Figure 2(c)). A novel printing 
machine bed (41 , Figure 5) comprises an array of subbeds (42-45 in Figure 5) 
individually alignable in a common plane. 



[Figure 5] 
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